OBJECTIVE: Recent observational studies have reported that body fat distribution might be differentially associated with subclinical atherosclerosis. We previously reported that visceral fat area (VFA) X80 cm 2 is the optimal cutoff for identifying abdominal obesity in Chinese subjects. We examined whether VFA X80 cm 2 reflects the association between abdominal obesity and subclinical atherosclerosis, and if determination of the visceral fat quantity is useful for assessing subclinical atherosclerosis in asymptomatic individuals. METHODS AND RESULTS: Participants (N ¼ 1005, men 515, women 490, 34 --66 years) free of cardiovascular disease underwent magnetic resonance imaging and carotid ultrasound assessment to quantify VFA and carotid intima --media thickness (C-IMT). Overweight/obese subjects (body mass index (BMI) X25.0 kg m À2 ) had a higher C-IMT than lean subjects (BMI o25.0 kg m À2 ) (Po0.01). Subjects with VFA X80 cm 2 had significantly higher C-IMT than those without abdominal obesity regardless of BMI (Po0.01). By multivariate regression analysis adjusted for anthropometric measurements and cardiovascular risk factors, waist circumference but not BMI was independently correlated with C-IMT in men (Po0.001). Similar findings were observed with an accurate obesity indices adjusted model, which showed that VFA was an independent risk factor for increased C-IMT in men but not in women. CONCLUSIONS: VFA X80 cm 2 effectively identified carotid atherosclerosis for both lean and obese individuals in middle-aged Chinese men.
INTRODUCTION
Obesity is a global epidemic and is strongly associated with metabolic disorders and cardiovascular disease (CVD). 1 The relationship between obesity and CVD depends not only on the amount of total body fat but also on its distribution. 2 --4 In recent years, increasing evidence has shown that, compared with total body fat, visceral fat accumulation is more important for the development of insulin resistance, metabolic syndrome (Mets), type 2 diabetes and CVD. 5 --8 Abdominal obesity is considered a fundamental pathology for Mets development, which is associated with increased risk of cardiovascular morbidity and mortality. 9, 10 Most studies use waist circumference or waist-to-hip ratio to define abdominal obesity. 2 --4,7,8 However, measurement of these circumferences cannot distinguish between visceral and subcutaneous adipose tissue. The standard methods for quantifying visceral fat amount recommended by the International Diabetes Federation (IDF) are magnetic resonance imaging (MRI) and computed tomography. 11 We previously reported that for a Chinese population, visceral fat area (VFA) X80 cm 2 is optimal for detecting two or more metabolic abnormalities. These include hyperglycemia, hypertension and dyslipidemia, using the IDF definition or the 2004 Chinese Diabetes Society definition. 12 Whether VFA X80 cm 2 reflects an association between abdominal obesity and subclinical atherosclerosis is still unknown. Moreover, to our knowledge, no study has focused on the association between visceral fat amount and the extent of subclinical atherosclerosis in various body mass index (BMI) categories in a Chinese population.
Quantitative assessment of carotid intima --media thickness (C-IMT) is accepted as an indicator of preclinical atherosclerosis and may be used as a marker for cardiovascular mobidity and mortality. 13, 14 Therefore, the aims of this study were to: (1) determine if visceral fat accumulation was a stronger risk factor of subclinical atherosclerosis than general obesity in a Chinese population; (2) evaluate whether VFA X80 cm 2 was the optimal value to reflect the association between abdominal obesity and subclinical atherosclerosis in both lean and overweight/obese subjects and (3) investigate if visceral fat quantity is useful for assessing subclinical atherosclerosis in asymptomatic individuals. (6) pregnancy and (7) known history of CVD. The excluded were 182 with no MRI data, 3 with no carotid artery scans, 16 with incomplete anthropometric indices and 11 with incomplete lab data or C-reactive protein (CRP) X10 mg l À1 . We finally analyzed data from 1005 subjects (men 515, women 490) aged 34 --66 years in this study.
SUBJECTS AND METHODS Subjects
All participants were invited to complete a questionnaire about present and past illness and medical therapy. The study was approved by the Ethics Committee of Shanghai Jiaotong University affiliated Sixth People's Hospital. Written informed consent was obtained from all the participants.
Clinical and laboratory assessments of risk factors A physical examination, including measurement of height, weight, waist circumference (W) and blood pressure (BP), was performed for each participant. BMI was calculated as weight in kilograms divided by the square of height in meters. W was measured at the horizontal plane between the inferior costal margin and the iliac crest on mid-axillary line. Body fat percentage (%fat) was estimated by the TBF-410 Tanita Body Composition Analyzer (Tanita, Tokyo, Japan). BP was the average of three time measurements using a sphygmomanometer at an interval of 3 min.
After a 10-h overnight fast, blood samples were collected to measure plasma glucose level and lipid profile. Subjects without a validated history of diabetes underwent a 75-g oral glucose tolerance test. The 100-g carbohydrate (steamed bread meal) test was performed in diabetic patients. 15 Fasting plasma glucose (FPG) and 2-h post-OGTT plasma glucose (2hPG) were assayed by the glucose oxidase method. Serum triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c) were measured by enzymatic procedures using an autoanalyzer (Hitachi 7600-020, automatic analyzer, Tokyo, Japan). Glycated hemoglobin A1c (HbA1c) was determined by high-pressure liquid chromatography (Bio-Rad Inc., Hercules, CA, USA). The serum concentration of CRP was measured by particle-enhanced immunonephelometry using CardioPhase hs-CRP reagent (Siemens Healthcare Diagnostic Inc., Newark, NJ, USA). The detection limit of the assay was 0.175 mg l À1 . The intra-assay coefficients of variation for hs-CRP levels were 2.3%, 4.6%, 2.6% and 2.1% at 0.69, 5 
Carotid artery measurement
Carotid artery scans were performed using a high-resolution B-mode scanner (Sequoia 512, Siemens, Bonn, Germany) and a 10-MHz probe as previously described. 18 A single sonographer who was blinded to clinical characteristics measured C-IMT. Both common carotid arteries were scanned from proximal to distal to the bifurcation. C-IMT was measured at the far wall of both common carotid arteries approximately 1 cm proximal to the carotid bulb. Carotid IMT was defined as the mean of the maximal IMT of each carotid artery.
Magnetic resonance imaging
Visceral and subcutaneous adipose tissue areas were assessed using a 3.0. T clinical MRI scanner (Archiva, Philips Medical System, Amsterdam, The Netherlands), using the abdominal coil. MRI scans were obtained at the abdominal level between L4 and L5 verterbrae in the supine position. Segmentation of the images into VFA and subcutaneous fat area (SFA) were performed by two trained observers using SLICE-O-MATIC image analysis software (version 4.2; Tomovision Inc., Montreal, QC, Canada). If results differed by more than 10%, a third observer who did not know the results reanalyzed the images.
Statistical analysis
All statistical analysis was performed with Statistical Package for Social Sciences version 13.0. (SPSS, Chicago, IL, USA). Data are presented as mean ± standard deivation (s.d.) except for skewed variables, which are presented as median (interquartile range 25 --75%). Clinical characteristics that followed a normal distribution were compared among the four groups using an unpaired Student's t-test, and those that were not normally distributed were compared with a Wilcoxon rank-sum test. For dichotomous or categorical variables, comparison between groups was performed using a w 2 test. Partial correlation analysis was performed to investigate the association between C-IMT and other parameters adjusted for anti-hypertensive, anti-diabetic and lipid-lowering treatment. Multiple stepwise regression analysis was applied to assess associations between C-IMT, VFA and metabolic parameters after adjusting for potential confounders. All reported P values were two-tailed, and P-values o0.05 were considered statistically significant.
RESULTS

Clinical characteristics of subjects
The final dataset included 1005 subjects (515 men, 240 premenopausal women and 250 postmenopausal women) aged 34 --66 years (50.7±6.8 years). The principle characteristics of the study subjects are in Table 1 . Compared with men, both premenopausal and postmenopausal women had significantly lower W, VFA, C-IMT, TG and FPG, and higher %fat, HDL-c and SFA (all Po0.05). Postmenopausal women also had significantly higher age, TC, LDL-c and HbA1c than men and premenopausal women (all Po0.01). The frequency of Mets was significantly increased in men and the proportion of current smokers showed the same trend for both genders (all Po0.05).
Relationship between VFA and C-IMT by BMI category Overweight/obese subjects (BMI X25.0 kg m À2 ) when compared with lean subjects had a higher W, %fat, SFA, VFA, BP, CRP and C-IMT (all Po0.01). They also had a worse glucose tolerance status (FPG, 2hPG, HbA1c, HOMA-IR) and lipid profile (all Po0.05). The prevalence of Mets and its components was higher in the BMI X25.0 kg m À2 category (Po0.01). However, no difference in age or smoking rate was observed between overweight/obese and lean subjects (Table 2) .
To analyze the influence of visceral obesity on C-IMT by BMI category, subjects were divided into subgroups according to VFA (Table 2 ). In addition to increased CVD risk factors, C-IMT was elevated as VFA increased in both the BMI o25.0 kg m À2 group and the BMI X25.0 kg m À2 group (for BMI o25.0 kg m À2 , C-IMT was 0.60 mm (0.60 --0.65) vs 0.60 mm (0.6 --0.70), Po0.01 and for BMI X25.0 kg m À2 , C-IMT was 0.60 mm (0.60 --0.65) vs 0.65 mm (0.60 --0.70), Po0.01).
Association of C-IMT with anthropometric parameters, glucose, lipid profile and VFA Table 3 shows partial correlation analysis adjusted for antihypertensive, anti-diabetic and lipid-lowering treatment for participants in different BMI categories. C-IMT showed significant positive correlation with age, W, VFA, SBP, LDL-c and 2hPG, and negative correlation with %fat in both the BMI o25.0 kg m À2 group (all Po0.05). To further investigate the independent association between visceral obesity and C-IMT, multiple stepwise regression analysis was performed in men and women (Table 4) . As independent variables, we used body fat parameters, the basic CVD risk factors identified in the univariate analysis of age, BP, HOMA-IR, 2hPG, LDL-c, HDL-c and CRP, as well as smoking status, anti-hypertensive therapy, anti-diabetic therapy and lipid-lowering therapy. The analysis adjusted for menopausal status in women. Three regression models were constructed according to the selected body fat parameters. The first model included all body fat parameters, including anthropometric variables (W and BMI) and accurate adiposity variables (%fat, VFA and SFA). We found that in addition to age, smoking, LDL-c, SBP and 2hPG, W (standardized b ¼ 0.163, Po0.001) was an independent factor for C-IMT in men. We next analyzed the strength of anthropometric obesity variables in model 2 and accurate adiposity variables in model 3. W (standardized b ¼ 0.161, Po0.001) and VFA (standardized b ¼ 0.107, P ¼ 0.007) were found to be two obesity-related factors significantly influencing C-IMT, respectively, in these two models in men. However, in women, no body fat parameters, except for age, HOMA-IR, SBP and anti-hypertensive therapy, affected the three models.
DISCUSSION
Obesity is closely related to impaired glucose tolerance, dyslipidemia, hypertension and other cardiovascular risk factors, as well as cardiovascular events. 19 --21 As abdominal obesity might be more atherogenic than general obesity, 22,23 measurement of visceral abdominal tissue could be an early detection method for Mets and a strategic screening to prevent CVD. However, the optimal cutoff for VFA to identify early-stage atherosclerosis is still uncertain. Several groups proposed a cutoff of VFA 100 cm 2 to define abdominal obesity and predict obesity-related disorders. 24 In our previous study, VFA X80 cm 2 was found to be the discriminating value for predicting Mets in a Chinese population. 12 Here, we found that individuals with VFA X80 cm 2 had a significantly higher incidence of Mets, in both the lean category (BMI o25.0 kg m À2 ) and the overweight/obesity category (BMI X25.0 kg m À2 ). This supports this VFA value as an optimal cutoff point for identifying individuals in a Chinese population with metabolic risk factors that are not solely dependent on BMI.
No study has focused on the relationship between VFA and C-IMT in different BMI categories in a Chinese population. In this study, we compared C-IMT between subjects with or without visceral obesity by BMI category. Subjects with VFA X80 cm 2 had a higher C-IMT, independent of BMI. Furthermore, we found that VFA significantly positively correlated with C-IMT in correlation analysis. Regional fat distribution differs by gender. Women generally have more subcutaneous fat than men, whereas men have more visceral fat. 25 We also observed significantly higher VFA and lower %fat and SFA in men than in women, although the mean BMI in men and postmenopausal women were similar. As postmenopausal women have a higher risk of developing atherosclerosis because of loss of protection from estrogen, 26 we performed separate multiple stepwise regression analyses for men and women, adjusting for menopausal status in women. We found that obesity indices reflecting visceral rather than general obesity were associated with C-IMT, mainly in men. Although the Visceral fat and carotid intima --media thickness Y Wang et al correlation weakened after adjustment for other traditional cardiovascular risk factors and other obesity indices, W and VFA were still independent risk factors for increased C-IMT in men. These results might be explained by an association between adiposity and subclinical atherosclerosis mediated by CVD risk factors that are likely to be in a causal pathway from visceral fat accumulation to CVD. 22, 27 As all the obesity measures of BMI, W, %fat, VFA and SFA were highly correlated with each other, the attenuation of associations by multivariate adjustment is understandable. 28 Our findings are consistent with several studies that also reported a positive correlation of C-IMT to visceral fat accumulation. 29, 30 Previous publications describe a possible role for visceral fat accumulation in atherosclerosis development. Ryuichi et al. 31 found a graded and independent association between visceral obesity evaluated by B-mode ultrasonography and C-IMT in subjects aged X50 years with a BMI X23.0 kg m À2 . Kim et al., 32 found that visceral fat amount was associated with carotid atherosclerosis in type 2 diabetic men with a normal W. However, we could not compare these findings directly with ours because of the indirect measurement of visceral fat and differences in study subjects. Our investigation suggested that subjects defined as not obese by BMI had increased C-IMT because some individuals were prone to visceral fat accumulation for a given BMI. Some people with higher BMI but a lower quantity of visceral fat might be categorized as high-risk obese subjects, even though they actually have a lower C-IMT and are at a low risk for metabolic complications. Although a cause --effect relationship has not been established, possible mechanisms responsible for the relationship between visceral fat accumulation and subclinical atherosclerosis are as follows. Obesity is considered to be a chronic inflammation state, in which the excess accumulation of visceral adipose tissue has a central role. 33 In this study, we also observed that CRP, a plasma marker of chronic low-grade inflammation, was significantly increased in subjects with abdominal obesity and correlated with C-IMT. However, this association was abolished in multivariable regression analysis after adjustment for parameters related to adiposity, insulin resistance, glucose and lipid metabolism. A possible explanation is that traditional cardiovascular risk factors display stronger pro-atherosclerotic effects than CRP. It is also possible that the relationship between CRP and atherosclerosis is mediated by abdominal obesity. In addition, visceral fat accumulation may be related to insulin resistance of the liver. 34 East Asians are prone to have more visceral fat than people of European descent with the same BMI. 35 Our results further demonstrate that the Chinese men show a greater propensity to develop CVD at a relatively low BMI.
The limitations of this study included the study population of primarily middle-aged Chinese, limiting the generalizability of our findings to other ethnic and age groups. The sample size of women, especially postmenopausal women, might not have been large enough for us to detect the contribution of visceral obesity to carotid atherosclerosis. Large population-based studies are required to confirm this association. Furthermore, the crosssectional design precluded any inference of a casual relation between VFA, BMI and C-IMT. Future cardiovascular events and mortality should be recorded in well-controlled, prospective studies.
In conclusion, we investigated the association between VFA and C-IMT stratified by BMI. VFA positively correlated with C-IMT in a middle-aged Chinese population. VFA X80 cm 2 was effective for identifying carotid atherosclerosis for both lean and generally obese men. 
